Abstract-The nature of current combat situations that U.S. military forces encounter and the use of unconventional weaponry have dramatically increased service personnel's risks of sustaining a traumatic brain injury (TBI). Although the true incidence and prevalence of combat-related TBI are unknown, service personnel returning from deployment have reported rates of concussion between 10% and 20%. The Department of Defense has recently released statistics on TBI dating back to before the wars in Iraq and Afghanistan to better elucidate the impact and burden of TBI on America's warriors and veterans. Patients with severe TBI move through a well-established trauma system of care, beginning with triage of initial injury by first-responders in the war zone to acute care to rehabilitation and then returning home and to the community. Mild and moderate TBIs may pose different clinical challenges, especially when initially undetected or if treatment is delayed because more serious injuries are present. To ensure identification and prompt treatment of mild and moderate TBI, the U.S. Congress has mandated that military and Department of Veterans Affairs hospitals screen all service personnel returning from combat. Military health professionals must evaluate them for concussion and then treat the physical, emotional, and cognitive problems that may surface. A new approach to health management and care coordination is needed that will allow medical transitions between networks of care to become more centralized and allow for optimal recovery at all severity levels. This article summarizes the care systems available for the acute management of TBI from point of injury to stateside military treatment facilities. We describe TBI assessment, treatment, and overall coordination of care, including innovative clinical initiatives now used.
INTRODUCTION
The use of unconventional weaponry has increased the risk of traumatic brain injury (TBI) for military personnel engaged in current combat operations. Although the true incidence and prevalence of combat-related TBI is unknown, military personnel returning from deployment have reported rates of concussion between 10 and 20 percent [1] . Approximately, 4.9 percent of servicemembers are symptomatic when screened after deployment, prompting a clinical referral. Following clinical evaluation, 20,119 cases of TBI were confirmed in 2009. The Department of Defense (DOD) has recently released statistics on TBI dating back to before the Iraq and Afghanistan wars (visit www.DVBIC.org). The Defense and Veterans Brain Injury Center (DVBIC) continues to improve TBI surveillance efforts and methodology to better elucidate the impact and burden of TBI on America's warriors and veterans [2] . Providers face many unique challenges delivering and coordinating the care of servicemembers and veterans with TBI. The DVBIC is working with the military and the Department of Veterans Affairs (VA) centers to unify health systems for patients with TBI. The DVBIC is a triservice, DOD/VA congressionally mandated organization made up of a growing number of military treatment facilities (MTFs), VA Polytrauma Rehabilitation Centers, and civilian community reentry facilities. Specific information on care within the VA Polytrauma Rehabilitation Centers and outpatient clinics can be found elsewhere [3] and is beyond the scope of this article. This article summarizes the systems of care available for the acute management of TBI from point of injury to stateside MTFs. Within this context, we describe TBI assessment and treatment, and overall coordination of care for patients with TBI, including innovative clinical initiatives that have been employed during this conflict. We draw this information from multiple efforts within the DOD and VA to rapidly identify those with TBI and provide comprehensive treatment toward recovery for all those who sustain a TBI.
OVERVIEW OF TRAUMATIC BRAIN INJURY
TBI is defined as a blow, jolt, or other injury to the head that disrupts the functioning of the brain. Primary injury results when an external force is applied to the brain that is significant enough to alter neurological functioning or consciousness. Secondary brain injury may follow, exacerbating cerebral dysfunction. Secondary injury occurs when flow-metabolism mismatches arise, commonly following hypoxia or hypotension.
Much more is known about secondary brain injury occurring after severe TBI than about concussion. As described in subsequent details, TBI severity is categorized as mild, moderate, or severe. Mild TBI (mTBI), more commonly known as concussion, typically involves a brief change in mental status and transient symptoms. Imaging, using standard techniques, is often normal in mTBI [4] . Moderate brain injuries are associated with longer periods of unconsciousness or amnesia following the traumatic event and have a significantly higher incidence of structural injury on routine imaging. Patients with moderate TBI may experience a variety of symptoms, including mood and memory disturbances and physical and emotional problems, which may persist for months. Moderate TBI requires increased levels of clinical intervention but may be responsive to medication, psychotherapy, and compensatory strategies. A severe TBI may result in long-term problems with independent functioning and can result in moderate to severe physical or cognitive disability in some patients. Since severe TBI frequently occurs with other significant traumatic injuries, comprehensive nursing care and ongoing rehabilitation are usually required. Optimal recovery from severe TBI depends on rapid evacuation, early intervention, and ongoing specialized treatment in acute settings.
The challenges involved in managing TBI exist on many levels. The unique occurrence of physical, cognitive, and emotional symptoms associated with brain injury requires collaboration of many disciplines. Mild and moderate TBI may not be immediately obvious, because symptoms may be subtle. Thus, detection may be delayed. Together, these factors add to the difficulty of identifying mTBI to moderate TBI early.
Traumatic Brain Injury Severity Indicators
One can determine the severity of injury by comparing three indexes: the overall Glasgow Coma Scale (GCS) score, the length of time of loss of consciousness (LOC) or alteration of consciousness (AOC), and the duration of posttraumatic amnesia (PTA). Of these parameters, the GCS has been the most widely studied and validated, especially when evaluating severe TBI [5] . mTBI is characterized by a LOC of less than 30 minutes, a period of PTA that resolves within 24 hours, or a GCS score of 13 to 15. Moderate TBI is indicated by LOC of more than 30 minutes or a GCS score between 9 and 12. Severe TBI is classified by LOC longer than 24 hours, PTA greater than 7 days, or a GCS score between 3 and 8. When severity indicators are inconsistent, the most severe characterization is used. Although sometimes difficult to assess in an austere environment, this information can help clinicians classify the severity of injury ranging from mild to moderate to severe. For all indices to be reported or available is uncommon. Any one of them alone can qualify assignment of severity of injury. Although the initial severity of injury is not functionally based, this broad classification of severity of injury can help determine which resources may be necessary, as well as which type of care setting is most appropriate ( Table 1) .
Combat-Related Traumatic Brain Injury
Persons with certain job specialities within the military have increased risk of sustaining TBI. Gunners, explosive ordinance device personnel, and special operations forces can all be at a higher risk because of the nature of their military occupation. Paratroopers report concussion at a rate twice that of nonparatroopers [6] . The causes of brain injury in combat include blasts events, falls, gunshot wounds, and motor vehicle crashes. These mechanisms affect the brain with varying levels of force. The resulting injuries can be localized or diffused. Individual physical characteristics combined with these varied mechanisms yield unique sequelae that affect multiple systems in the body. To help clinicians distinguish these effects, an initial classification is made between penetrating and closed brain injuries. Any injury that involves the penetration of a foreign object, munitions fragment, bone chip, etc. through the dura mater is called a penetrating TBI. Conversely, brain injuries caused by blunt trauma are considered closed. The pathophysiology of closed TBI differs in many ways from penetrating TBI; however, the damage to the brain can be equally severe.
Blast events can cause injury through multiple mechanisms. These mechanisms may include direct exposure (primary blast injury) to the overpressurization and negative pressure waves of the explosion, which can strike the body at a velocity >300 m/s, equal to the speed of sound in air. This impact may rapidly compress air-filled organs and/or displace the entire body. Increasing evidence demonstrates that organs surrounded by fluid, including the brain, may also be at risk for injury from primary blast [7] . Other mechanisms postulated to cause primary injury include cavitation, electromagnetic fields, noxious toxin exposure, and air emboli [8] . Secondary blast injury may then be caused by the energized (projected or falling) debris or explosive fragments that strike the head. Tertiary blast injury may also occur as the displaced body strikes the ground, a wall, or any other object. Finally, quaternary injuries may occur through the inhalation of gases or other toxic substances [9] [10] . Individually, these mechanisms can result in cerebral dysfunction, producing physical, cognitive, and neuropsychiatric impairments. Together, they can cause TBI along with any number of other injuries, such as burns, abdominal wounds, or limb amputation. The effects of a blast-related injury to the brain are not fully understood and remain an area of intense research.
Medical Evacuation
Care for combat-wounded servicemembers is expedited though a medical transport system, which begins on the battlefield with initial life-saving treatment and extends through combat-support hospitals and regional medical centers into the continental United States (CONUS). Acute care continues with further medical stabilization and supportive TBI care in a rapid sequence of events that ensures injuries are quickly identified and treated. The medical assets at each level of care are different, but the goal for patients with TBI is the same: to optimize functional outcomes. Guidelines with various levels of scientific evidence exist for the management of TBI.
Environments of Care
Combat grouping, setting, and environmental factors affect the management of the care of patients with TBI within the DOD. Unique challenges involve noncombatrelated TBIs that occur in CONUS (i.e., stateside motor vehicle crashes or training accidents), those that are identified and detected during postdeployment screening, and those that come home by way of the air evacuation (AE) system because of identified injuries. The wounded warriors who come home in the AE system can be further subdivided into those who leave theater with a primary diagnosis of TBI or those who have polytrauma with a comorbid concussion that may not be identified until they are screened at a level-IV facility such as Landstuhl Regional Medical Center (LRMC). The Figure depicts one possible medical evacuation chain from the battlefield into the VA system, where comprehensive rehabilitation and continued medical care can occur.
MILD TRAUMATIC BRAIN INJURY DOD Traumatic Brain Injury Screening Initiatives
TBI is diagnosed whenever an injury event leads to AOC. The diagnosis can be hampered because clinicians and patients may overlook brief periods of AOC. Symptom reporting is not required when the diagnosis is confirmed. However, concussion can result in a variety of nonspecific symptoms that commonly occur with other health problems; therefore, absence of a good clinical interview can delay TBI recognition and treatment. Symptoms such as fatigue, irritability, depression, and difficulty concentrating may occur alone or in combination with the more classic signs of TBI: dizziness, nausea, headache, and other physiological problems. Individually, any of these conditions may be enough to affect reaction time and decision making, which are critical in maintaining the performance and safety of servicemembers on duty as well as preserving unit and force readiness. Recognizing the need for improved TBI detection and under the direction of Congress, the military and VA have established TBI screening and assessment systems that are intended to identify TBI in military and veteran patients at multiple points of care. TBI screening involves a clinician's quick evaluation to determine exposure to a traumatic event, AOC following the event, and the presence of current symptoms. Screening occurs in CONUS during postdeployment, during periodic health assessments, and longitudinally, depending upon the health status and duties of individual patients. The Brief Traumatic Brain Injury Screen [11] has been recommended for routine TBI screening by the Institute of Medicine [12] . A clinical interview and examination always follow positive TBI screens for confirming or negating the diagnosis of concussion or mTBI. In the absence of temporally related symptoms, screening serves to identify those patients in whom TBI is suspected and to establish the incidence and prevalence of this injury [11] . For those with ongoing symptoms, screening can facilitate appropriate care.
In-Theater Assessment
Comprehensive assessment of TBI in an austere environment may be difficult or impossible. Since tactical situations usually prohibit comprehensive neuropsychological testing or thorough evaluations by specialists, more routine measures have been developed that allow medics and other first responders to screen for TBI immediately following a traumatic event, using the Military Acute Concussion Evaluation (MACE) developed by the DVBIC in 2006. This quick reference tool includes the Standardized Assessment of Concussion, which provides a gross measure of four cognitive domains: orientation, immediate memory, concentration, and memory recall [13] . When combined with other information, including LOC and PTA, the MACE score can provide additional information relating to cognitive performance, as well as the need for evacuation to a higher level of care. The MACE is currently undergoing further validation studies in a combat environment. Medics in theater are also equipped with guidance on moderate to severe TBI care developed by the Brain Trauma Foundation [14] . This tool, utilizing a concise algorithm, provides triage, field management, and evacuation guidance for more serious brain injuries.
Treatment
Treatment for concussion can be challenging for providers because of the paucity of evidence-based clinical strategies. Management of TBI may have several different components, which include symptom management, education, therapies, and implementation of duty restrictions. The overarching goal of the treatment plan is to facilitate maximal functional recovery and community reintegration. Assessment attempts to identify all existing physical, cognitive, and behavioral sequela so that the clinical treatment plan will appropriately target the symptom cluster. Detailed visual and vestibular evaluations are warranted in persons with suspected deficits or complaints. Neuropsychological testing may be important in the overall evaluation of TBI. Cognitive assessment becomes even more useful when baseline data are available. Specifically, the effects of concussion can be better determined through comparison of pre-and postinjury cognitive performance [15] . Identifying changes in cognitive domains (reaction time, processing speed, and memory) and emotional status (anxiety, depression, mood, anger, etc.) can help determine the full scope of the injury. Equally important, this information can help plan future care, which may not otherwise be considered when only symptom and injury information is known. Predeployment cognitive testing is now underway and is being introduced in a stepwise fashion, beginning with predeployment baseline testing. Subsequent postinjury testing and eventually periodic neurocognitive testing are also given at key time points during one's military career. Together, these comparative tests can illustrate changes in cognitive function that might not be evident when compared with a normative data bank. [20] [21] [22] . Together, these tests allow clinicians to begin to identify the areas of brain function that may have been affected by the injury. Other combinations of tests have been developed and validated by the military or privately for use in sports concussion that have been introduced in theater for TBI assessment. These computer-based assessment measures differ greatly in design, function, and utility, although they each evaluate common cognitive domains that may be impaired by concussion. The DVBIC serves as the executive agent for the Office of the Secretary of Defense's directed head-to-head comparison study of the five most prominent computerized assessment tools.
Following assessment, treatment for TBI is often provided by multiple clinicians who work as an interdisciplinary team using the most appropriate therapeutic modality. For example, posttraumatic headaches may be most effectively managed with a pharmacological regimen, whereas visual deficits may require prism glasses and ocular exercises. Some data suggest that dizziness caused by blast injury may be different and require a greater number of vestibular habituation and ocular training sessions than dizziness caused by blunt trauma [23] . Often because a complex interplay of TBI symptoms exists, targeting the symptoms in parallel provides synergistic effects. Aggressive pharmacological management of headache may significantly improve sleep, behavior, and cognition. When using pharmacotherapy, clinicians must select the appropriate medication to prevent symptom worsening, untoward side effects, and drug interactions. However, guidance in the literature as to TBI symptom-specific pharmacological treatment is sparse. Table 2 provides guidance based on the available literature and expert opinion for the evaluation and management of commonly occurring symptoms.
An educational intervention after mTBI has been shown to be highly effective in reducing symptom reporting in children and adults [24] . Educational materials should include information about concussion, such as signs and symptoms, functional strategies that may help the recovery process, the normal recovery trajectory, as well as local resources available for further questions and care. The military has given one-page educational sheets to all patients who have screened positive for TBI. This flier has been adapted at a local level so that local resources and national Web sites can be shared. The RAND report cited DVBIC as one resource able to provide appropriate education on the various aspects of concussion, as well as more severe TBI [25] .
Rest and return to duty (RTD) issues are extremely important and complex within the military health system. Mission responsibilities may take precedence, and although the military medical assets are able to recommend rest and RTD, ultimate authority for activity belongs with the commanders. Balancing clinical and operational demands can greatly challenge providers as they weigh protection of a servicemember who may be vulnerable to another brain insult against mission goals and unit safety. This finding is especially true during war time when resources must be carefully evaluated and protected. The basic tenet of RTD for mTBI follows the sports concussion guidelines in which no one is returned to full duty until he or she is asymptomatic at rest and at exertion. Servicemembers are exertionally tested by running in place and performing sit-ups or push-ups for 5 minutes and then evaluated for the return of any TBI-related symptoms or decreased cognitive function on the MACE. Mental and physical rest after mTBI is an important issue as well because of the nature in the current theater of operations. Blast events, cumulative concussion, and repeat deployments are issues to consider when a servicemember is placed on duty restrictions or returned to full duty.
Rehabilitation therapies are commonly used in treatment. They include, but are not limited to, physical, occupational, speech, recreational, and other therapies. Although cognitive rehabilitation has been shown to benefit moderate and severe TBI, its role in mTBI is unclear [26] .
PATIENT TRACKING: LRMC AS PRIMARY CONDUIT FOR TRAUMATIC BRAIN INJURY REFERRALS FROM OPERATION IRAQI FREEDOM/OPERATION ENDURING FREEDOM
Tracking patients with TBI from the point of identified injury onward is an essential component of care coordination. Presently, LRMC is the primary conduit through which the DVBIC identifies and tracks patients with TBI. These include patients with severe TBI who are identified in theater at the moment of injury as well as patients with mTBI who have been evacuated for other injuries or illnesses and are captured on universal TBI screening protocols once they reach LRMC.
Patient status at LRMC often informs medical decisions about transferring patients to MTFs in CONUS. In the case of severe TBI, most patients are transferred to Walter Reed Army Medical Center or National Naval Medical Center. If the patient also sustained burn-related injuries, transfers from LRMC are often directed to Brooke Army Medical Center. The relatively rapid identification of these patients with severe TBI and the transition to highly structured inpatient treatment settings help to facilitate accurate tracking of patient movements over time.
Patients with mTBI and moderate TBI may also be sent to the MTFs, although a number of concussive patients may leave LRMC bound for smaller MTFs. Once asymptomatic and cleared by the TBI team, they may return to their original duty stations and potentially be redeployed. Ongoing follow-up of these patients with mTBI is imperative for clinicians to ensure adequate resource delivery and recovery. While the literature suggests that 5 to 15 percent of patients with concussion show persisting symptoms (beyond normal recovery times of approximately 3 months) that require therapeutic interventions [27] , rates of persisting mTBI symptoms in military populations are as yet unknown, although one recent study reported rates as high as 39 percent [1] . Some patients with mTBI may appear asymptomatic in highly structured and less physically demanding environments, such as an MTF. Once they return to their duty stations and are expected to function more independently, their TBI-related deficits may become more apparent. Furthermore, a risk of reinjury exists for patients with mTBI exposed to physically and mentally demanding training maneuvers or combat if redeployed.
MODERATE AND SEVERE TRAUMATIC BRAIN INJURY Tactical Combat Casualty Care
Tactical combat casualty care is integral in triaging and treating combat wounded with life-threatening injuries. The Guidelines for the Field Management of CombatRelated Head Trauma [14] were formulated to provide a best-evidence document to address the specific needs of assessing and managing head injury in an austere environment. The guidelines address three main areas: assessment, treatment, and triage/transport decisions. The template to create these guidelines was the Guidelines for Prehospital Management of Traumatic Brain Injury [28] . Similar content areas are discussed in both documents; however, operational concerns are incorporated into the field guidelines that are more relevant to the military community. Evidence-based guidelines for the acute care of severe TBI have also been developed [29] .
The complexity of severe TBI requires an interdisciplinary approach to care. Neurology, psychiatry, neuropsychology, physical medicine and rehabilitation, and neurosurgery comprise the core medical disciplines needed for initial treatment of severe TBI. Early involvement of ancillary services that include physical therapy, occupational therapy, audiology, optometry, cognitive rehabilitation, behavioral therapy, and case management may help minimize complications, improve patient satisfaction, and maximize functional recovery. Degree of recovery from severe TBI is highly variable; however, prognostic indicators have been identified that help guide clinical practice. While the long-term effects of acute brain injury may be significant, potential for considerable improvement often exists [30] , which allows patients with brain injury to lead meaningful and productive lives.
Care Coordination and Traumatic Brain Injury
The heterogeneity of TBI-related deficits uniquely challenges affected servicemembers, their families, and treatment providers. Care coordination that is specifically tailored to the unique needs of patients with TBI is essential for achieving optimal outcomes.
Patients with TBI may be treated in multiple care settings, including military, VA, and civilian healthcare systems over the course of their journey toward recovery. TBI is widely recognized, particularly moderate or severe, to compromise a patient's ability to navigate complex systems of care. Cognitive deficits, such as impaired memory, poor concentration, problems in language comprehension, and impaired judgment, hinder these individual's ability to successfully engage in treatment. People with brain injury may forget appointments, forget to take medications, be unable to drive themselves to providers' offices, or become easily confused. Mood lability and irritability can lead to outbursts at family members and treatment providers, lowered tolerance for the usual frustrations of dealing with complex care systems, and an abrupt withdrawal from treatment. Behavioral symptoms such as aggressiveness and disinhibition can elicit fear, confusion, or discomfort in others, including treatment providers who are unfamiliar with TBI. Consequently, patients with TBI are at heightened risk of premature therapy cessation or "falling through the cracks" during transitions between treatment settings and systems. Care coordination is therefore recognized as a critical need for this population [31] , given the involvement of interdisciplinary providers and the likelihood of transitions between military, VA, and civilian healthcare systems for ongoing rehabilitation.
Care coordination continues to be important as patients reenter their home communities. Challenges may emerge with role identity and relationships as patients assimilate into their home environment. These challenges are complicated by the physical, cognitive, and behavioral deficits from their TBI, as well as other comorbid factors such as pain or posttraumatic stress disorder. Also, their capacity for independent living and continued participation in treatment may be altered, necessitating identification and connection to TBI resources within the community
The DVBIC has developed a network of TBI-trained care coordinators as part of a program to ensure that ongoing needs of patients with TBI and their families are met. Among their core responsibilities, care coordinators serve as points-of-contact to assess TBI-specific resources in communities where patients reside and facilitate access to those services, acutely and over time. They also follow patients with TBI longitudinally to help ensure positive outcomes, initiate root cause analysis when suboptimal outcomes occur, and provide connection to available services and resources within DOD, VA, and civilian healthcare systems.
Patient and Family Needs
Following the patient's medical evacuation from theater and during stabilization at a stateside MTF, the treatment team will determine the medical plan of care that best meets recovery goals. Acute management of TBI ranges from symptom management in milder cases to aggressive monitoring of intracranial pressure and brain tissue oxygenation in more severe cases. In addition to medical management, TBI care also requires that logistical issues surrounding the patient's care and patient's family needs are addressed. Depending on the severity of the TBI, the patient may or may not be able to participate in discussions and decisions regarding the treatment plan and recovery expectations. Helping family members adjust to the changes evidenced in a patient with TBI can range from learning to assist a patient with slight memory problem to caring for a bed-bound or minimally responsive individual. In many cases, if a patient is unable to return completely to his or her prior functioning level, families undergo a complex process of adapting, coping, and grieving. By providing emotional support and assisting with positive coping mechanisms, the treatment team can foster healthy reintegration of the patient and family. Recently, Congress mandated the development of family caregiver curricula to help address the need for improved educational support to include respite needs of caregivers of patients with TBI. DVBIC has been assigned as the executive agent to coordinate this effort with a White House-appointed panel. A full curricula program is expected to be launched in late 2009.
Education Between Military and VA Systems of Care
Early educational efforts focus on the immediate aspects of TBI, including current medical status, treatment plan, and expected recovery course. As transitions become imminent, family education must shift to include details of the rehabilitation process, logistics of military TBI care and, in some cases, the procedures for securing service discharge and disability. Communication with the family and patient is paramount in navigating the myriad of care and resources that are normally accessed. Patients with moderate or severe TBI often need to access acute inpatient rehabilitation at a VA Polytrauma Rehabilitation Center while still on active duty, and the patients most severely impaired will often stay within the VA healthcare system for the remainder of their time in the military and beyond. While an active duty servicemember with TBI is receiving care at a VA medical center (VAMC), coordination must occur between the VAMC, the military case manager, the DVBIC care coordinator, and the MTF treatment team. In addition, arrangements for family members to remain at the VAMC with the injured servicemember involve many logistical concerns that need to be addressed, such as Nonmedical Attendant Orders from the military, lodging and transportation arrangements, etc. Those patients with TBI who then return to an MTF or who did not need inpatient acute TBI rehabilitation are transitioned to long-term management of their TBI at local MTFs or VAMCs. Much attention has been paid to these processes for improving transitions across two large systems of care (Military Health System and Veterans Health Administration).
CONCLUSIONS
While TBI may result in physical impairment, often the more problematic consequences involve an individual's cognition, emotional functioning, and behavior. These consequences can affect all aspects of life, including the development and maintenance of interpersonal relationships and the ability to function in social settings. Community reintegration efforts are therefore aimed at maximizing individual strengths and creating supportive environments that will allow individuals with TBI to return to work and family.
Early identification and treatment are the first steps in ensuring optimal recovery. Following stabilization and medical evacuation from theater, a wide variety of clinical and rehabilitative resources is available to servicemembers. The particular resources used will depend on the severity of the injury, the clinical presentation of the patient, and the extent of recovery during the initial intervention and stabilization. Patients with TBI and their families benefit from the close partnerships formed between clinicians and other TBI health professionals who work together over distance and within multiple systems of care. The DVBIC, along with numerous other agencies, is working continuously to improve clinical services and strengthen the channels that support medical transitions for patients with TBI. 
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